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over a second longitudinal edge of the core opposite the first
edge, so that they extend towards the outside of the stiffener.

8 Claims, 2 Drawing Sheets




US 9,126,671 B2

Sheet 1 of 2

Sep. 8, 2015

U.S. Patent

FIG. 1

= =
g
—+
]
R \
I
1 <
o
o
N>~—=T
- —_—
| Sco
o
N T—=
o
- I~
o~

|

FIG. 2



U.S. Patent Sep. 8, 2015 Sheet 2 of 2 US 9,126,671 B2

10b 1

\\

h A — 20 6

0 Y . /
120 L 4
/ 7770 n
NN NN AN N
/ } / / e /
2 8 10a i
FIG. 3
6 20 20
\ /\ 10b /\
\/ O/ / / U/ O/

/ K10a
FIG. 4

12



US 9,126,671 B2

1

STIFF PANEL FOR AIRCRAFT, COMPRISING
STIFFENERS WITH NOTCHED CORES

FIELD OF THE INVENTION

This invention relates to the field of stiffened panels, pret-
erably those made of a composite material.

BACKGROUND OF THE INVENTION

These types of panels, which fulfill a structural function,
are used in a great many technical fields, such as aeronautics
and in automobiles. In particular, they are used to strengthen
the resistance of a thin panel to buckling. Their quantity and
shape are determined so as to obtain the best possible com-
promise in terms of mechanical resistance and mass.

In particular, the use of stiffeners with a T-shaped cross-
section for stiffening a panel is known. In this case, the base
is affixed and pressed against one surface of the panel, and the
core is oriented orthogonally to the base.

There are situations in which the height of the core must be
increased, for example when required to attach parts or equip-
ment in the distal part of the core, near its longitudinal edge
opposite to the one that is integral to the base. Another func-
tion resides in the fact of creating, using the distal parts of the
cores of the stiffeners, a physical barrier that is as far away as
possible from the panel bearing the stiffeners, for the purpose,
in particular, of limiting impacts on this panel, between the
stiffeners.

In these circumstances, the core of the stiffener may have a
cross-section that is disproportionately slender and which
adversely affects its resistance to buckling, and which there-
fore adversely affects the overall resistance of the stiffened
panel, when it is stressed in this manner. The compromise of
mechanical resistance vs. mass then becomes inefficient.

BRIEF SUMMARY OF THE INVENTION

The purpose of the invention, therefore, is to at least par-
tially remedy the drawbacks mentioned above, as compared
to the embodiments of the prior art.

An exemplary embodiment of the invention is a stiffened
panel comprising a panel at least one of whose surfaces is
equipped with stiffeners, each of which comprises a base that
is pressed against the panel’s surface, as well as a core that is
oriented orthogonally relative to the base and of which a first
longitudinal edge is integral with the latter.

According to an embodiment of the invention, at least one
of'the stiffeners comprises a multitude of notches that cross a
second longitudinal edge of the core opposite the first edge, so
that they extend towards the outside of the stiffener.

In this way, when the stiffened panel is subjected to a
buckling-type means of stress, the compression forces circu-
late around the core of the stiffener in only one part of the
section, namely, the one that does not have the notch. This
reduces the actual narrowing of the cross-section of the core
in this manner of stress, and consequently increases the stift-
ener’s resistance to buckling.

The invention offers a clever solution, one that offers a
satisfactory compromise in terms of resistance to buckling
and mass, while preserving, between the notched parts, an
increased core height that could be used for various purposes,
such as the one indicated above.

Preferably, each notch has a height “h”, and the distance
between two directly consecutive notches is less than or equal
to seven times the value of height “h”. By applying this
mathematical relationship, when the stiffened panel is subject
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to a buckling-type method of stress, the compression forces
are located in this section located under the notches of the
core of the stiffener. Thus these compression forces in fact
circulate only in the longitudinal direction, according to
which the fibers are preferably oriented when the stiffener is
made of composite material.

Preferably, the notches are distributed evenly along the
longitudinal direction of the core, even if it could be done
otherwise, without deviating from the scope of the invention.

Preferably, each notch is of a height that enables the stiff-
ener to provide the stabilizing function for which it is
installed, without causing significant loss of force. Typical
values for a notch height are defined so that the unnotched
part of the core of the stiffener has a height on the order of
eight times the thickness.

Preferably, each notch is straight or semi-circular in shape.
These shapes are especially easy to produce, by simply
machining a straight core. Nevertheless, other shapes can of
course be considered, without deviating from the scope of the
invention.

Preferably, each stiffener has a cross-section in the shape of
a'T. However, the core could have a second base at the level of
its second longitudinal edge, without deviating from the
scope of the invention. In such a case, the notches would also
cross this second base.

Preferably, the panel and/or its stiffeners are made of a
composite material comprising glass and/or carbon fibers
mixed with a resin.

Another embodiment of the invention is a landing gear case
that comprises at least one stiffened panel as defined above.

Finally, another object of the invention is an aircraft that
comprises this type of landing gear case or undercarriage.

Other advantages and characteristics of the invention will
appear in the non-limiting detailed description below.

BRIEF DESCRIPTION OF THE DRAWINGS

This description will be given in reference to the attached
drawings, among which;

FIG. 1 shows a perspective view of a stiffened panel
according to a preferred embodiment of the present invention;

FIG. 2 shows a section view through line II-II of FIG. 3;

FIG. 3 shows a section view through line III-1IT of FIG. 2;
and

FIG. 4 shows a side view of a stiffener according to one
alternative embodiment, intended to outfit the stiffened panel
shown in FIG. 1.

DETAILED DESCRIPTION

In reference to FIGS. 1 through 3, a stiffened panel 1,
designed to serve a structural function, is shown according to
a preferred embodiment of the invention.

This stiffened panel 1 is preferably designed to form a
landing gear case for an aircraft, in which landing gear case
the landing gear is housed during the cruise phase of the
aircraft. This type of landing gear case may be plane-parallel
or similar in shape, with one or more of'its sides then consist-
ing of one or more stiffened panels.

Stiffened panel 1 comprises a panel 2, preferably flat, and
made of a composite material comprising glass and/or carbon
fibers mixed with a resin, for example epoxy resin. Its surface
area may be as much as several square meters, and it may be
very thin, on the order of only a few millimeters, for example
less than 3 mm.

Panel 2 has two opposing surfaces, of which at least one is
outfitted with stiffeners. This way, in FIG. 1, we can see that
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the upper surface 4 of panel 2 has linear stiffeners 6 fastened
to it. Here the stiffeners are arranged parallel to each other,
and have an inverted T cross section.

Effectively, each stiffener 6 comprises a base 8 that forms
the head of the T, which is pressed against and attached to
surface 4, and is oriented parallel to it. It is affixed preferably
by gluing. Also, stiffener 6 comprises a core 10 that is ori-
ented orthogonally to base 8, and which is integral with the
latter. The two components 8, 10 may for example be used in
a single piece, or else, alternatively attached to each other.

The parts are joined at a first longitudinal edge 10a of core
10, which extends along a longitudinal direction 12.

Each stiffener 6 is made preferably of a composite material
consisting of glass and/or carbon fibers mixed with a resin, for
example epoxy resin. The direction of the fibers preferably
corresponds with the longitudinal direction 12.

In an exemplary embodiment, notches 20 are made in
second longitudinal edge 105 of core 10, opposite to the first
longitudinal edge 10a. More precisely, each notch 20 is made
through the entire thickness of core 10, in the upper part of the
core, and extends in the direction opposite that in which panel
2 is located, until it crosses the second edge 105. Therefore it
extends outwards from the stiffener, upwards in the illustra-
tions.

Notches 20 are preferably distributed evenly along direc-
tion 12, and have identical shapes and dimensions. Here,
every notch 20 is straight and is orthogonal to surface 4 of
panel 2. It extends over a height “h™ that corresponds to a
fraction of the total height “H” of the core. It should prefer-
ably be made so that the non-notched part of the core of the
stiffener has a height “H-h" on the order of about eight times
the thickness.

Typically, the thickness of the core and of the base of the
stiffener is identical or similar to that of panel 2 onto which it
is attached.

Also, when stiftened panel 1 is being subjected to buckling
stresses, in order to allow for very satisfactory confinement of
the compression forces in the part of the section of the core
that is located underneath the notches, the distance “d”
between any two directly consecutive notches 20 along direc-
tion 12, is less than or equal to seven times the value of height
“h” of these notches 20.

The part of the actual cross-section of the core that works in
this manner of buckling stress is referenced as S1in FIG. 3. It
is of a height that is less than the overall height “H” of the
core, which allows its actual narrowing to be reduced in this
stress mode, and consequently increase the stiffener’s resis-
tance to buckling.

FIG. 4 shows an alternative embodiment for stiffeners 6, in
which the notches are semi-circular in shape.

Of course, various modifications may be made by the
skilled craftsman to the invention described above, which is
given solely as a non-limiting example. In particular, the
shape of notches 20 may be adapted to the requirements
encountered.

Although the invention herein has been described with
reference to particular embodiments, it is to be understood
that these embodiments are merely illustrative of the prin-
ciples and applications of the present invention. It is therefore
to be understood that numerous modifications may be made
to the illustrative embodiments and that other arrangements
may be devised without departing from the spirit and scope of
the present invention as defined by the appended claims.

The invention claimed is:

1. A stiffened panel comprising:

a panel; and

aplurality of stiffeners on at least one surface of the panel;
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wherein each stiffener comprises:

a base pressed against the at least one surface of the panel;

and
aplanar core oriented orthogonally relative to the base and
having a first and a second longitudinal edge at a firstend
and a second end, respectively, wherein the first longi-
tudinal edge of the planar core at the first end is integral
to the base and the second longitudinal edge at the sec-
ond end is distal from the base and is free; and

wherein at least one of the stiffeners comprises a plurality
of notches defined along the free second longitudinal
edge of the planar core such that each of the plurality of
notches extends from the free second longitudinal edge
into the planar core towards the base.

2. The stiffened panel according to claim 1, wherein each
notch has a height “h”, and wherein a distance “d” between
two directly consecutive notches is less than or equal to seven
times the value of height “h”.

3. The stiffened panel according to claim 1, wherein the
notches are distributed evenly along the longitudinal direc-
tion of the planar core.

4. The stiffened panel according to claim 1, wherein each
notch is straight or semi-circular in shape.

5. The stiffened panel according to claim 1, wherein each
stiffener has a T-shaped cross-section.

6. The stiffened panel according to claim 1, wherein at least
one of the panel and the stiffeners are made of a composite
material comprising at least one of fiberglass and carbon
fibers mixed with a resin.

7. A landing gear case comprising at least one stiffened
panel, the stiffened panel comprising:

a panel; and

a plurality of stiffeners on at least one surface of the panel;

wherein each stiffener comprises:

a base pressed against the at least one surface of the panel;

and
aplanar core oriented orthogonally relative to the base and
comprising a first and a second longitudinal edge at a
first end and a second end, respectively, wherein the first
longitudinal edge of the planar core at the first end is
integral to the base and the second longitudinal edge at
the second end is distal from the base and is free; and

wherein at least one of the stiffeners comprises a plurality
of notches defined along the free second longitudinal
edge of the planar core such that each of the plurality of
notches extends from the free second longitudinal edge
into the planar core towards the base.

8. An aircraft comprising a landing gear case, the landing
gear case comprising at least one stiffened panel, the at least
one stiffened panel comprising:

a panel; and

a plurality of stiffeners on at least one surface of the panel;

wherein each stiffener comprises:

a base pressed against the at least one surface of the panel;

and

aplanar core oriented orthogonally relative to the base and

having a first and a second longitudinal edge at a firstend
and a second end, respectively, wherein the first longi-
tudinal edge of the planar core at the first end is integral
to the base and the second longitudinal edge at the sec-
ond end is distal from the base and is free; and
wherein at least one of the stiffeners comprises a plurality
of notches defined along the free second longitudinal
edge of the planar core such that each of the plurality of
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notches extends from the free second longitudinal edge
into the planar core towards the base.
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